Abstract. The central charge c of the Virasoro algebra is determined using its relation to the set of anomalous dimensions of the scaling fields for the critical anisotropic Heisenberg chain. The results obtained by exactly solving the Berhe ansatz for N S 4 are compared with the standard procedure of calculating c in the whole region of anisotropy. For odd N the system is no longer modular invariant and the analogous averaging leads to an anisotropy-dependent function which has been calculated.
Introduction
Two dimensional conformally invariant systems of statistical mechanics (e.g. 6-vertexmodels) are characterized by their central charge c and a set of operator dimensions {x,~}, the eigenvalues of the dilatation generator Lo +in of the corresponding Virasoro algebras with central charge c. Consider now the partition function Z=Tre-oH of a one-dimensional quantum system of length N (e.g. the anisotropic Heisenberg model X X Z ) . In the limit 8-w this expressioncan be viewed as the partition function of a strip of infinite length and finite width N . For periodic boundary conditions. which are assumed throughout the paper, this corresponds to a cylinder in space direction N . It follows now that at criticality for large N the Hamiltonian H of the quantum system can be mapped according to
The parameter U is an effective velocity rescaling the energy and can be analytically determined by a low-energy dispersion relation. The low-energy excitations are (in leading orders) completely given through c and {x"}:
Here Ehw is the ground state energy and ELN1 stands for the energy of an excited state both with N sites. E r ) is the leading part (proportional to N) of the ground state energy for N+w (Affleck 1986 , Blote et a1 1986 .
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The standard way of calculating the central charge c of a given system is via relation (1.2) which requires the exact ground state energy Eh' for moderately large values of N .
It is straightforward to obtain c using the information of the whole spectrum of H expecting better results for smaller N than above.
An important step in this direction has been made by Schiitz (1992) for modular invariant systems. He derived a relation between c and {x"} c=12 n and checked for Ising and other models. Also comparing the standard way of calculating c (equation (1.2)) and its calculation via equations (1.4) and (1.3) through the knowledge of the whole excitation spectrum, Schiitz (1992) found that the latter works better starting with N=4. Of course there is no guarantee that this fact holds for other models. It seems now worthwhile testing relation (1.4) for models with a critical region where the {xJ depend on an additional parameter ('coupling constant') while c is a constant in the whole region. This has been done in the present paper for XXZ model and N=2,4. The spectrum of the Hamiltonian can be determined analytically by the Bethe ansatz. The results for N = 4 are presented in detail in section 2. In section 3 we compare the results for c in case of even N, while section 4 is devoted to N = 3 , where modular invariance for our boundary conditions is no longer valid. Section 5 contains our conclusions. .. figure 1 , which shows the well known central symmetry with respect to the point A = 0. The accidental degeneration of the states 2, 4 and 11 is due to the small N . States 4 and 11 represent two triplets. The typical situation of such multiplets is given for the third triplet (states 3 and 9) and the pentuplet (states 6, 7 and 15), where all members cross at A = 1.
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For A 2 1 the (antiferromagnetic) ground state is a singlet (l), while for A S -1 the two (ferromagnetic) ground states are states 15 and 16 (highest members of the pentuplet).
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It is interesting to look for the Bethe ansatz solution in the region I A[ > 1, too. One can easily see that using the parameterization A = sgn A cosh ,' the new solutions are obtained from those of table 1 by the replacement x= -i-l(i-y).
An effect worth mentioning occurs only for the two states 4 and 5. Taking for definiteness the sign plus for x in table 1 both 1 stay real as long as sinh(,')S 1 and coalesce at x=-$.. for sinh ,'= 1: For larger ,' they acquire imaginary parts of different signs I m l = 2 [cosh-'(sinhp)]/2 preserving their real parts. We have checked that throughout the whole region of A the energies of table 1 are correct as they are written as functions of A only.
Calculation of central charge for N = 2 and N = 4
With the results of section 2 we can now calculate c via equations (1.3) and (1.4).
Before doing so we demonstrate how equation (1.4) works if the exact dimensions are used. The set of primary operators is given through
by Alcaraz ef a1 (1988a) where for even N , n and m are integers. Parameter v is defined through v = y/n. We shall consider only primary and secondary operators with X , S 2 .
For v=O we have the following primary operators ( i n brackets their multiplicity is indicated): 0(1), )(4), 1(4), 2(4) leading to c=0.954900. Including the secondary operators 1(2), %@), 2(13) gives c=0.999 889.
For v = p (A=O) one has: 0(1), $2), 1(4), 34), 2(4) for the primary operators and c=0.954902. Including 1(2), 3(4), 2(13) gives c=0.999728.
Approaching v + l one has to take into account an infinite set of primary operators. We therefore expect troubles for finite N if y +JC -E. From a physical point In the paper of Schiitz (1992) it has been mentioned that it is useful to consider the weighted average (x.) for arbitrary A. The only problem to overcome then is caused by the appearance of the parameter U in equation (1.3) . For To distinguish both functions we call the first one c, (a for average value) and the latter c, ( U for vacuum state).
Replacing in the denominator of formula (3.4) p + n by Table% The calculation of the central charge for the XXZ equation (1.4) (second and   third column) and equation (1.2) (fourth and fifth column) as function of A. singularity is of the form that c goes from zero to one immediately when passing this point from left to right. On the other hand we expect c to stay smooth at the point
A = I ( N = m ) .
The case of odd N
It is well known that for odd N no ground state exists, an independent determination of c via (1.2) therefore must fail.
On the other hand (1.4) cannot be used, either. This is due to the fact, that modular invariance is no longer valid in this case. The set of {xn} is still given by formula (3.1) with both n and m half-integers. Transforming the two-dimensional partition function in the usual way one would obtain a sign factor (-1)"( -1)"' excluding modular invariance. (Modular invariance can be maintained if antiperiodic boundary conditions are introduced. The picture is still more complicated because of the sign factors. We intend to study this in a further work). Nevertheless, it seems worthwhile demonstrating the consequences of the nonvalidity of modular invariance for odd N . We therefore have calculated the RHS of (1.4) throughout the critical region for N= 3 but this is no longer expected to equal the central charge c. We for this reason introduce the new notation d ( A ) . Equation (3.1) gives the operator dimensions with respect to the 'true' ground state. We therefore have used as ground state energy Eg'=3?Eg'+&?b4' that is the average energy of the two neighbouring ground states for even N . For the sake of clearness we briefly summarize the picture of states after having solved the Bethe ansae equations. There is a quartet consisting of two states with L=*iix(E=,l -A ) and two ferromagnetic ground states. The state with lowest energy (This effect is already included in thepresented data.) The two curves in figure 7 show only a slight coincidence. The diEferent behaviour near the point A-+ -1 is not so (3.22) ). On the other hand they fit very well in the isotropic case with the numerical data of Fabricius et ai (1991) .
Conclusions
On the basis of our results we can state that the method of Schiitz works in the case of the XXZ model considered above. The aim of obtaining better numerical coincidence for very small N compared to the standard method of calculating c could not be verified in general. Our results clearly show that one may expect such an effect only in some parts of the whole critical region. Because those parts are not known apriori this fact is of no great use for practical calculations. The method definitely fails near the phase transition point A = -1 but works well near the Kosterlitz-Thouless point A = 1 which fits well with standard knowledge.
Comparing the results of both methods for N = 2 and N = 4 for arbitrary anisotropy we find it most remarkable that the basic physical effects, of the system are reflected in ow curves. We here have in mind especially the' smooth transition at the Kosterlitz-Thouless point and the singularity at the phase transition point. This leads us to the conclusion that combining just two independent methods one obtains a lot of physical important information from a very small number of sites. We believe that this is due to the high symmetry of the model (conformal and modular). To obtain more information on that fundamental fact one has to consider correction terms and to clarify compensation mechanisms.
The case of odd N is helpful in preventing too f2r-reaching speculations. The loss of modular invariance drastically changes the picture. No physical reliable information can be obtained from the function d(A), which is a clear signal to be careful with general consequences. We wish to stress that some features of the system with an odd number of sites are still correctly reproduced with N = 3 sites. This has been demonstrated for example, for the energy of the 1-hole-state.
